A novel actinomycete, strain W6
The genus Friedmanniella was first described by Schumann et al. (1997) . At the time of writing, the genus comprised eight species with validly published names. Friedmanniella antarctica as the type species was isolated from Antarctic sandstone (Schumann et al., 1997) . Friedmanniella spumicola and Friedmanniella capsulata were isolated from activated sludge samples (Maszenan et al., 1999) , Friedmanniella lacustris was reported from a hypersaline Antarctic lake (Lawson et al., 2000) , and Friedmanniella luteola, Friedmanniella lucida, Friedmanniella okinawensis and Friedmanniella sagamiharensis were isolated from spiders (Iwai et al., 2010) . The genus Friedmanniella contains LL-diaminopimelic acid (LL-A 2 pm) as the diagnostic cell-wall diamino acid. The major menaquinone is MK-9(H 4 ), and the main fatty acids are 12-and 13-methyltetradecanoic acids (anteiso-C 15 : 0 and iso-C 15 : 0 ). Mycolic acids are absent. The G+C content of the genomic DNA ranges from 69 to 75 mol%.
Strain W6
T was isolated from a soil sample of Yunnan Province, China. A standard dilution plating technique was used to isolate strain W6
T on a glucose-yeast extract-malt extract (ISP 2; Shirling & Gottlieb, 1966 ) agar plate at 28 u C for 7 days. Strain W6 T was maintained on ISP 2 medium at 28 u C and as glycerol suspensions (20 %, v/v) at 220 u C. Biomass for chemotaxonomic studies was obtained after incubation on KM398 medium [per litre distilled water: 5 g glucose, 5 g soluble starch, 1.5 g beef extract, 2.5 g yeast extract, 2.5 g tryptone peptone (Difco), 0.5 g MgSO 4 . 7H 2 O, 1 g KH 2 PO 4 , 0.5 g Mg 3 (PO 4 ) 2 . 8H 2 O, pH 7.2] at 28 u C for 14 days. Fatty acid analyses were performed with cells grown in tripticase soy broth (TSB) medium. The physiological age of strain W6
T was standardized according to the protocol given by MIDI (http://www.microbialid.com/ PDF/TechNote_101.pdf).
Micromorphological and colonial properties were examined on ISP 2 agar, KM398 agar and R-medium (Yamada & Komagata, 1972) for 7-14 days at 28 uC. Cellular morphological characteristics of strain W6
T were examined by light microscopy (BH-2; Olympus). Gram staining was performed using the methods of Smibert & Krieg (1994) . Growth at different temperatures was determined on ISP 2 medium incubated at 4, 10, 15, 20, 25, 28, 30, 37 and 45 u C. NaCl tolerance was examined on ISP 2 medium prepared with 1, 2, 3, 4 and 5 % (w/v) NaCl. Carbon source utilization was tested using carbon source utilization medium (ISP 9; Shirling & Gottlieb, 1966) supplemented with a final concentration of 1 % of the tested carbon sources. Catalase activity was detected by dropping 3 % H 2 O 2 onto well-developed colonies on agar plates and observing any gas bubbles produced. Cytochrome oxidase activities were tested with cytochrome oxidase reagent. Starch hydrolysis was tested by observing the appearance of clear zones on inorganic salts-starch agar (ISP 4), following Goodfellow & Pirouz (1982) . Production of hydrogen sulfide from peptone was evaluated following the method of Tresner & Danga (1958) . The commercially available API test kits (bioMérieux) were used to determine the biochemical properties and enzyme activities of the novel strain. Tests in the commercial systems API 20NE and API ZYM (bioMérieux) were performed according to the manufacturer's instructions. Resistance to antibiotics was examined by placing impregnated filter-paper discs over ISP 2 agar (Goodfellow & Orchard, 1974) , and the results were recorded following incubation at 28 u C for up to 7 days. Test drugs were as follows: ampicillin, benzylpenicillin, chloramphenicol, gentamicin, kanamycin, nalidixic acid, novobiocin, rifampicin, streptomycin, tetracycline and trimethoprim.
T was yellow in colour, non-motile, non-sporeforming, slow-growing, Gram-stain-positive and grew as clusters of coccoid cells. Strain W6
T grew optimally at 25-28 u C (range 9-32 u C) and did not grow in the presence of more than 1 % (w/v) NaCl. Growth was observed at pH 5.0-9.0 (optimum pH 6.0-7.5). Catalase activity was present. The phenotypic properties of strain W6
T are summarized and compared with related species of the genus Friedmanniella in detail in Table 1 and also in the species description.
Isolation of chromosomal DNA and PCR amplification of the 16S rRNA gene from strain W6
T were carried out according to Rainey et al. (1996) . The PCR product was sequenced directly using the method of Lu et al. (2001) . Sequence gel electrophoresis was performed and the nucleotide sequences were obtained automatically by using an Applied Biosystems DNA sequencer (model 377) and software provided by the manufacturer. The 16S rRNA gene was analysed as described by Kämpfer et al. (2003) . Analysis via the BLAST program (Altschul et al., 1990 ) was used to compare the 16S rRNA gene sequences of strain W6
T with sequences from the NCBI nucleotide database and sequence alignments were generated using the program CLUSTAL X 2.0 (Larkin et al., 2007) with corresponding sequences (available in DDBJ/EMBL/GenBank) from all type strains in the genus Friedmanniella. Phylogenetic analysis was performed using the software package MEGA version 4.1 (Tamura et al., 2007) . Distances (distance options according to the Kimura twoparameter model) were determined and clustering with the neighbour-joining and maximum-parsimony methods was performed by using bootstrap values based on 1000 replications.
The almost-complete 16S rRNA gene sequence was obtained for strain W6
T (1402 nt). On the basis of 16S rRNA gene sequence data, eight Friedmanniella species were found to have a close relationship to this strain. A phylogenetic tree was constructed based on 16S rRNA gene sequences. It is apparent from the neighbour-joining and maximum-parsimony phylogenetic tree (Fig. 1) Cell-wall diamino acids were analysed as described by Staneck & Roberts (1974) and the cell-wall acyl type was determined as described by Uchida et al. (1999) . The absence of mycolic acids was demonstrated following Yano et al. (1972) . Isoprenoid quinones were extracted and purified according to Collins et al. (1987) ; purified menaquinones were determined by reversed-phase HPLC (Wu et al., 1989) . Polar lipids were extracted and identified according to the method of Minnikin et al. (1984) . The DNA G+C content was determined by the thermal denaturation method (Marmur & Doty, 1962) . Fatty acids were extracted, purified, methylated and quantified by GC using the standard Microbial Identification System (TSBA40, MIDI; Sasser, 1990; Kämpfer & Kroppenstedt, 1996) . The cell-wall peptidoglycan of strain W6 T contained LL-A 2 pm and mycolic acids were absent. The predominant isoprenoid quinone detected in strain W6 T was MK-9(H 4 ). The phospholipid profile contained phosphatidylglycerol, phosphatidylinositol, phosphatidylcholine and diphosphatidylglycerol ( Fig. S1 in IJSEM Online). The G+C content of the DNA of strain W6
T was 72 mol%. The cellular fatty acid profile of strain W6
T was characterized by the predominance of anteiso-C 15 : 0 (53.5 %) and iso-C 15 : 0 (20.4 %). The diagnostic cell-wall diamino acid, major respiratory quinone, DNA G+C content and fatty acid profile of strain W6
T were all consistent with the properties of the genus Friedmanniella.
DNA-DNA relatedness studies were carried out using a thermal denaturation procedure (De Ley et al., 1970; Huss et al., 1983 ) with a UV-1206 spectrophotometer (Shimadzu) fitted with a TB-85 thermobath and standard software (Jahnke, 1992) ; the results were expressed as the mean of three determinations. The levels of DNA-DNA relatedness between strain W6 T and F. antarctica DSM 11053 T , F. okinawensis DSM 21744 T , F. spumicola ACM 5121 T and F. sagamiharensis DSM 21743 T were 30.0, 28.5, 28.0 and 20.0 %, respectively, which were significantly lower than 70 %, the threshold value for the delineation of genomic species (Wayne et al., 1987) .
In summary, phylogenetic results and chemotaxonomic analyses indicated that strain W6 T belonged to the genus Friedmanniella. A phenotypic comparison between strain W6
T and closely related species of the genus Friedmanniella was carried out and differential characteristics of the strains were identified (Table 1) . Low DNA-DNA relatedness values were detected between the new isolate and the type strains of recognized species of the genus. It is thus apparent that strain W6
T is not affiliated to any recognized species of the genus Friedmanniella. Therefore, on the basis of the data presented above, strain W6
T represents a novel species of the genus Friedmanniella, for which the name Friedmanniella flava sp. nov. is proposed.
Description of Friedmanniella flava sp. nov.
Friedmanniella flava (fla9va. L. fem. adj. flava yellow, pertaining to the yellow colour of the colonies).
Cells are Gram-stain-positive, aerobic and coccoid (0.6-0.7 mm in diameter). Cells are arranged in regular packets that adhere to form clusters. Colonies on ISP 2 are yellow and the surface is convex, watery and spread-out. Grows at 9-32 u C (optimum, 25-28 u C), with 0-1 % (w/v) NaCl (optimum, 0 %) and at pH 5.0-9.0 (optimum, pH 6.0-7.5). Catalase-positive. Oxidase-negative. Urea is degraded, but starch is not. Negative for production of hydrogen sulfide. Does not reduce nitrate to nitrite. L-Arabinose, Dfructose, D-galactose, D-glucose, mannitol, raffinose, Lrhamnose, sucrose and D-xylose are used as sole carbon and energy sources, but not myo-inositol or D-ribose. According to the API 20NE assay: negative for arginine dihydrolase, gelatin liquefaction, glucose fermentation, indole production, assimilation of maltose, mannose, Nacetyl-D-glucosamine and phenylacetic acid, and degradation of aesculin and p-nitrophenyl-b-D-galactopyranoside. According to the API ZYM assay: positive for acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, leucine arylamidase, a-mannosidase, Nacetyl-b-glucosaminidase, naphthol-AS-BI-phosphohydrolase and valine arylamidase, but negative for a-chymo- (Maszenan et al., 1999) ; 5, F. sagamiharensis DSM 21743 T (Iwai et al., 2010) ; 6, F. lacustris DSM 11465 T (Lawson et al., 2000) ; 7, F.
lucida DSM 21742 T (Iwai et al., 2010) ; 8, F. luteola DSM 21741 T (Iwai et al., 2010) ; 9, F. capsulata DSM 12936 T (Maszenan et al., 1999) . The reported data were obtained on the basis of the same and/or comparable conditions. +, Positive; 2, negative; W, weakly positive. trypsin, cystine arylamidase, a-fucosidase, b-glucuronidase, lipase (C14) and trypsin. Sensitive to ampicillin, chloromycetin, gentamicin, kanamycin, novobiocin, penicillin G, rifampicin, streptomycin and tetracycline, but resistant to nalidixic acid and trimethoprim. The predominant cellular fatty acids are anteiso-C 15 : 0 and iso-C 15 : 0 . The major menaquinone is MK-9(H 4 ). The cell-wall peptidoglycan contains LL-A 2 pm, and mycolic acids are absent. The polar lipids are phosphatidylglycerol, phosphatidylinositol, phosphatidylcholine and diphosphatidylglycerol.
The type strain, W6 T (5CGMCC 4.6856 T 5JCM 17701 T ), was isolated from a soil sample of Yunnan Province, China. The DNA G+C content of the type strain is 72 mol%.
